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Table 1
Baseline and follow-up self-reported pain and function scores
Baseline Follow-up Mean Difference (95%CI) p-value
WOMAC Pain (0-20) 7.2 (2.9) 6.3 (3.3) 0.9 (0.4, 1.4) 0.001
WOMAC Function (0-68) 23.7 (11.1) 20.2 (12.2) 3.5 (1.8, 5.1) <0.001
Average weekly pain when walking (0-10) 4.3 (2.1) 3.1 (2.4) 1.2(0.8, 1.5) <0.001
Average weekly pain (0-10) 4.2 (1.9) 3.1(2.2) 1.1(0.7, 1.4) <0.001
Average weekly restriction to activities (0-10) 3.8 (2.3) 3.1 (2.5) 0.7 (0.4, 1.1) <0.001
Lower scores indicate less pain/better function
Abstracts / Osteoarthritis and Cartilage 20 (2012) S54–S296S102a valid and reliable proxy for the load on the medial tibiofemoral
compartment of the knee and is related to radiographic knee OA severity
and risk of structural disease progression. However, no study has longi-
tudinally examined the relationship between baseline KAM and changes in
pain or physical function in a cohort with knee OA. The purpose of this
study was to examine the relationship between peak KAM and KAM
impulse with changes in self-reported pain and self-reported physical
function over a 12-month period.
Methods: Data from 141 individuals with medial knee OA (80 females, 61
males, age: 64.58.0yrs, BMI: 28.64.5m/kg2) who participated in
a clinical trial were analyzed. The clinical trial showed no signiﬁcant
effect of lateral wedge insoles on pain or function compared to control
insoles, thus data from treatment groups were pooled for this analysis. All
participants underwent baseline three-dimensional gait analysis, and
completed baseline and follow-up self-report measures of pain and
function. Peak KAM and the KAM impulse were determined via gait
analysis (8-camera VICON, 3 AMTI force plates). Pain and physical func-
tion at baseline and at 12 months were evaluated using a) The Western
Ontario and McMaster Universities Arthritis Index (WOMAC) and b)
numeric rating scales (NRS) to rate average overall weekly pain, average
weekly pain when walking and average restriction to daily activities.
Paired t-tests were used to examine changes in pain and function over
12-months in the whole cohort. Initially, unadjusted linear regression
models were performed to examine the relationships between peak KAM
(independent variable and change in self-reported pain and function
(dependent variables). Models were repeated adjusting for a) age, sex,
and body mass index and b) with the additional covariate of treatment
group. All analyses were repeated using KAM impulse as the independent
variable.
Results: Baseline and follow-up self-reported pain and function scores are
reported in Table 1. The cohort showed a small but signiﬁcant improve-
ment inWOMAC pain and function scores (Table 1). Neither peak KAM nor
KAM impulse were associated with changes in self-reported WOMAC pain
or function (Table 2). Similar to WOMAC scores, the NRS scores also
signiﬁcantly improved over time (Table 1). However, these improvements
were less than the minimal clinically important differences. Neither peak
KAM nor KAM impulse were associated with changes in self-report NRS
pain or activity restrictions (Table 2).Table 2
Relationship between KAM and changes in self-reported pain and function
Univariate a
Regression
coefﬁcient (9
WOMAC PainPeak Knee Adduction Moment (Nm/BW*ht%)
Knee Adduction Moment Impulse (Nm.s/BW*ht)
-0.11 (-0.62,
-0.51 (-1.85,
WOMAC FunctionPeak Knee Adduction Moment (Nm/BW*ht%)
Knee Adduction Moment Impulse (Nm.s/BW*ht)
0.53 (-1.14, 2
0.79 (-3.57, 5
Average weekly pain when walkingPeak Knee Adduction Moment
(Nm/BW*ht%)Knee Adduction Moment Impulse (Nm.s/BW*ht)
0.22 (-0.17,
0.51 (-0.52,
Average weekly painPeak Knee Adduction Moment (Nm/BW*ht%)
Knee Adduction Moment Impulse (Nm.s/BW*ht)
0.07 (-0.32,
0.07 (-0.83,
Average weekly restriction to activitiesPeak Knee Adduction Moment
(Nm/BW*ht%)Knee Adduction Moment Impulse (Nm.s/BW*ht)
0.17 (-0.20,
0.21 (-1.18,
* adjusted for age, gender, body mass index** adjusted for age,
gender, body mass index, treatment groupConclusions: We found no relationship between parameters of the KAM
and change in self-reported pain and function over 12-months in our
cohort. Future research targeting those who exhibit worsening of pain and
function over time, longer follow-up duration and incorporating perfor-
mance-based measures of physical function is warranted.
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BIOMECHANICAL CHARACTERISTICS DURING STANCE PHASE OF GAIT IN
PATIENTS WITH EARLY STAGE HIP OSTEOARTHRITIS COMPARED TO
AGE-MATCHED CONTROLS
I. Eitzen 1, L. Fernandes 1, L. Nordsletten 2, M. Risberg 1. 1Norwegian Res. Ctr.
for Active Rehabilitation, Orthopaedic Dept. Oslo Univ. Hosp. and Norwegian
Sch. of Sports Sci., Oslo, NORWAY; 2Orthopaedic Dept. Oslo Univ. Hosp., Oslo,
NORWAY
Purpose: In contrast to the numerous studies that exist on biomechanical
characteristics of patients with knee osteoarthritis (OA), few studies have
assessed patients with hip OA. In particular, knowledge is sparse with
concern to patients in the early stage of disease, not eligible for total hip
replacement. The purpose of this study was, therefore, to explore sagittal
plane biomechanics of the hip and knee during gait in hip OA patients with
mild to moderate pain compared to age-matched healthy controls, and
furthermore, to investigate whether radiographic severity affected gait.
Methods: Inclusion criteria for hip OA patients were self-reported hip pain
lasting 3 months, radiographic OA using Danielson's criteria (<4mm
minimal joint space (MJS) for patients <70 years and <3mm MJS for
patients 70 years), and a Harris Hip Score between 60-96 points. Gait
analyses were performed using eight Qualisys Motion Capture System
cameras synchronized with three AMTI force plates. Sagittal plane data for
the target hip joint and ipsilateral knee joint of the patients and right hip
and knee joint of the controls were calculated using Visual 3D software.
Joint angles were identiﬁed at initial contact (IC), peak knee ﬂexion (PKF),
peak knee extension (PKE) and toe-off (TO), in addition to total hip and
knee joint excursion during stance. Moments were given as external
moments. Hip OA patients with minimum joint space (MJS) <2mm were
deﬁned to have severe radiographic OA. Differences between patients and
controls and between those with severe and less severe radiographic OAnalysis Multivariate analysis* Multivariate analysis**
5% CI)
p-value Regression
coefﬁcient (95% CI)
p-value Regression
coefﬁcient (95% CI)
p-value
0.41)
0.83)
0.680.45 -0.08 (-0.62, 0.47)
-0.55 (-1.93, 0.82)
0.780.43 -0.06 (-0.61, 0.48)
-0.53 (-1.92, 0.85)
0.810.45
.20)
.15)
0.530.72 0.48 (-1.29, 2.25)
1.02 (-3.47, 5.51)
0.590.65 0.50 (-1.29, 2.28)
1.06 (-3.46, 5.58)
0.580.64
0.61)
1.53)
0.270.33 0.24 (-0.18, 0.65)
0.58 (-0.47, 1.63)
0.260.29 0.24 (-0.17, 0.66)
0.60 (-0.46, 1.65)
0.250.26
0.45)
1.06)
0.740.89 0.13 (-0.27, 0.54)
0.18 (-0.83, 1.20)
0.520.72 0.15 (-0.26, 0.55)
0.21 (-0.81, 1.23)
0.480.68
0.54)
0.76)
0.270.33 0.22 (-0.17, 0.61)
0.33 (-0.66, 1.33)
0.260.51 0.23 (-0.16, 0.62)
0.35 (0.65, 1.35)
0.250.49
Abstracts / Osteoarthritis and Cartilage 20 (2012) S54–S296 S103were assessed with an independent Mann-Whitney U-test with signiﬁ-
cance level p<0.05.
Results:Forty-seven patients with hip OA (29 women/18 men) with mean
age 59.2 (9.5) years and mean BMI 24.6 (3.4) and 21 controls
(13 women/8 men) with mean age 58.4 ( 8.9) years and mean BMI 23.88
(3.5) were included. The hip OA patients walked signiﬁcantly slower
than the controls (p¼0.002). They further revealed reduced hip extension
and knee extension at PKE and TO (p<0.001), reduced total excursion in
both the hip (p<0.001) and knee joint (p¼0.004), a smaller hip ﬂexion
moment at PKE (p¼0.009), a smaller knee ﬂexion moment at PKF
(p¼ 0.009) and a smaller knee extension moment at PKE (p¼0.036). Of
the 47 patients, 21 were deﬁned to have severe radiographic hip OA.
Compared to patients with MJS2 mm, these patients had signiﬁcantly
reduced hip extension at PKE (p¼0.029) and TO (p¼0.032). No other
differences were revealed.
Conclusions:Patients in the early stage of hip OA reveal deviant biome-
chanical gait characteristics compared to controls, with reduced hip and
knee extension during the latter phase of stance as the main feature. More
severe radiographic OA enhances the deﬁcits in hip extension during the
latter phase of stance.
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PILOT STUDY TO ASSESS A SIMPLE ACCELEROMETRIC METHOD TO
MEASURE HEEL STRIKE TRANSIENTS
M. Tucker 1, S. Mellon 1, L. Jones 1, A. Price 1, R. Gill 1, P. Dieppe 2. 1Univ. of
Oxford, Oxford, UNITED KINGDOM; 2 Peninsula Med. Sch., Exeter, United
Kingdom
Purpose: Normal walking results in transient stress waves as the heel
makes contact with the ground. These high impact stresses are transmitted
through the whole of the lower extremity. This impact stress can be
measured in ground reaction force using a gait laboratory with force
plates, and is known as the heel strike transient (HST). Previous studies
have shown that an association may exist between the level of these
impulsive forces and osteoarthritis of the knee1.
The purpose of this pilot study was to assess whether HST measured in
ground reaction forces correlate with 3-axis acceleration measurements
taken at the ankle, thus allowing a relatively simple, real time assessment
during normal activities.
Methods: This ongoing study was approved by the local ethics committee.
To date twelve subjects have taken part: sevenwith radiographic (K&L 2 or
more) and symptomatic (chronic pain in that knee) osteoarthritis of the
medial compartment of the tibiofemoral joint, and 5 age matched controls
without knee pain.
Each patient underwent motion analysis in a Gait Laboratory using
a VICONMX system (Vicon, Oxford, UK). Reﬂectivemarkers were placed on
each subject's pelvis, ankles and feet. Each participant also wore two 3-axis
accelerometers, built in-house, on rigid ankle cuffs. Subjects were then
asked to walk barefoot at their self selected normal walking pace, and
again at a faster pace. Ground reaction forces were recorded using three
force platforms: two AMTI OR6-1-1000 and an AMTI OR6-6-1000 (AMTI,
MA, USA). Synchronized ground reaction forces and acceleration datawere
recorded at 1000 Hz. Post-processing was performed in Matlab (The
MathWorks Inc., Natick, MA, USA). The mean vertical deceleration at HST
was calculated for each group and compared with a MannWhitney-U test.
The correlation between peak vertical ground reaction force and peakMean (sd) strength, active range of motion, and peak gait joint angles
Internal
Rotation
External
Rotation
Strength
(Nm/kg)
AROM
(degrees)
Gait angle
(degrees)
Strength
(Nm/kg)
AROM
(degrees)
Gait
(deg
FAI patients (n¼17) 0.53 (0.16) 25.0 (7.7) 5.4 (5.2) 0.56 (0.18) 27.8 (7.0) 9.8 (
Controls (n¼11) 0.83 (0.22) 34.6 (8.8) 10.6 (8.8) 0.74 (0.12) 31.7 (5.7) 7.1 (
Between-groups
p-value
<0.001 0.005 0.06 0.008 0.13 0.38vertical accelerationwas also assessed using the Pearson product-moment
correlation coefﬁcient using PASW Statistics 18 (IBM, Armonk, NY, USA).
Results: The mean deceleration for the OA group was 3.1 g ( 1.6) and the
mean deceleration for the control group was 1.8 g ( 2.4). There was no
statistical signiﬁcant difference between these values. However, peak
vertical ground reaction force showed a correlation with vertical acceler-
ation for all subjects. This correlation was found to be statistically signiﬁ-
cant (p¼0.015, pearson corr coef ¼-0.707).
Conclusions: The results of this study suggest it is possible to assess HST
using 3-axis accelerometers rigidly attached to the ankles. This would
allow assessment of HST during normal activities, outside the artiﬁcial
environment of a gait laboratory. The ability to detect and measure HST
relatively easily using accelerometry could then be used to assess the
pathogenesis of knee osteoarthritis and its progression. In addition, these
accelerometers could have a use as a biofeedback device for the control of
joint pain.
1. Radin, E. L. et al. Clin. Ortho. Rel. Res., 131 (1978), pp. 288-293.
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PEOPLE WITH FEMOROACETABULAR IMPINGEMENT EXHIBIT ALTERED
FRONTAL AND TRANSVERSE PLANE STRENGTH, MOVEMENT, AND GAIT
CHARACTERISTICS COMPARED TO THOSE WITHOUT IMPINGEMENT
J.R. Guenther, M.K. Gilbart, M.A. Hunt. Univ. of British Columbia, Vancouver,
BC, CANADA
Purpose: To compare frontal and transverse plane hip strength, active
range of motion, and gait kinematics in people with and without femo-
roacetabular impingement (FAI).
Methods: Seventeen (13 males, mean age¼ 29.4 +/- 7.0 years) people with
radiographically conﬁrmed FAI and eleven (5 males, mean age ¼ 28.0 +/-
4.3 years) healthy, pain-free individuals were tested on one occasion.
Isometric hip muscle strength was assessed using a handheld dynamom-
eter. Internal and external hip rotation strength were assessed in high
sitting with the hip and knee ﬂexed 90 degrees and the dynamometer
placed just proximal to the lateral and medial malleolus, respectively.
Abduction and adduction strength were assessed in supine lying with the
dynamometer placed just proximal to the lateral and medial femoral
epicondyle, respectively. The largest force production from three maximal
effort trials for each movement was converted to a torque by multiplying
by the lever arm distance, then normalized to body mass (Nm/kg). Active
range of motion was assessed using a universal goniometer in the same
starting positions as strength assessment. Participants then underwent
a three-dimensional gait analysis along a 10 metre walkway while kine-
matic data were collected using eight high speed digital cameras (Motion
Analysis Corporation) and the standard Helen Hayes marker set. Peak hip
internal rotation, external rotation, abduction, and adduction angles
during stance were identiﬁed for each trial and averaged across ﬁve trials
at a self-selected walking speed. Unpaired t-tests were used to compare
differences between the two groups (FAI vs. control) with statistical
signiﬁcance set at an alpha of 0.05.
Results: All data are summarized in Table 1. Compared to the healthy
group, those in the FAI group exhibited signiﬁcantly less internal rotation
(p<0.001), external rotation (p¼0.008), and adduction (0.05) strength as
well as signiﬁcantly less active internal rotation (p¼0.005) and adduction
(p¼0.005) range of motion. During gait, no signiﬁcant differences existed,
though those with FAI exhibited less internal rotation and adduction thanAbduction Adduction
angle
rees)
Strength
(Nm/kg)
AROM
(degrees)
Gait angle
(degrees)
Strength
(Nm/kg)
AROM
(degrees)
Gait angle
(degrees)
8.2) 1.08 (0.40) 36.2 (10.9) 1.6 (2.7) 1.20 (0.38) 21.2 (4.0) 4.5 (3.5)
7.2) 1.27 (0.25) 35.5 (6.9) 1.6 (2.0) 1.49 (0.33) 29.9 (10.5) 6.3 (2.3)
0.17 0.85 0.98 0.05 0.005 0.14
